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Research advances in chemical interaction mechanism between highly
compacted bentonite and pore solution
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Abstract: The highly compacted bentonite, as the preferred buffer/backfill materials, is inevitably subjected to chemical erosion
in the T-H-M-C environment of the high-level radioactive waste repositories, leading to dissolution or phase transition of
smectite, and diminishing the buffer performance. The latest researches on the chemical mechanism are summarized on the
basis of reviewing the effects of the solution on the buffer performance of the compacted bentonite. The analysis indicates that
the dissolution or phase transformation of layered smectite into a framework mineral is the key factor leading to the attenuation
of the specific surface area, density, water retention, swelling and permeation resistance of bentonite. The chemical interaction
mechanisms include mineral phase transformation and chemical cementation. The phase transformation of minerals is
influenced by chemical composition, pH, temperature and catalytic ions of the pore solution, and can be divided into
isomorphous phase transformation and recrystallization. The chemical cementation associates with saline precipitate filling and
the cementation of aluminosilicate gelation during wetting-drying cycles. The dissolution rate of minerals in bentonite is
influenced by both the intrinsic factors like surface area and stress, and the extrinsic factors including pore solution. Further
clarification of chemical reaction parameters, cementation effects and multi-field coupling reaction model within the bentonite

reaction system remains the focus of further researches on
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the chemical evolution of bentonite in the future.
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Fig. 1 Schematic diagram of deep geological repository and

multiple barrier buffer for high-level waste
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Table 1 Mineral composition of bentonite in disposal repositories of various countries
EES k4 FETWEE % SCHk

[ GMZ-Na % ZiA (75.4), 495 (11.7), AT (7.3), K (4.3), &4 (0.8), Jififfa (0.5) SCHR[17]
PEEE T FEBEX-Ca ZWA (92), fg (), A (D SCHR[18]
%H MX80-Na 3 FhA (75.5), A9 (15), HiA (1.4), KA (5~8) SCHR[19]
HA Kunigel-Na 3£ ZA (73.2), fi% (37.6) FHA (D SCHR[20]

*2 SELEEMTKEFRS

Table 2 Main ion components of groundwater of disposal repositories in various countries

% HhR KSR TDS/(g-L) B 72K/ (mmol - L) SCHk
E EREEREK 7.1 Na*® (74) , Ca** (7) ,CI (53) ,S0+ (30) SCHR[12]
VEHET  AERE 2K 0.3 Na® (0.6) , Ca** (1.0) ,CI" (0.4) ,HCOs (2.5 SCHR[21]
EE O FRAETLRUK 5.7 Na* (45) ,Ca®* (7) ,Cl (40) , S04 (16) CHR[22, 23]
HA  JiBE GEAO 42.4 Na® (480) , Ca2* (11D ,CI (691) , SO (29) SCHR[24]
HE TERAERRBUK 0.2 Na® (0.8) , Ca?* (0.4) ,HCO; (1.3),S04 (0.1D SCHR[25]
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Fig. 3 Basic properties of bentonite under alkali-heat action
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Fig. 5 Effects of ion types on swelling deformation of bentonite
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Fig. 9 Schematic diagram of near field chemical action mechanism

of compacted bentonite
3.1 HHLARRALE

T W0 AR R T D % T ) 45 ) 5 [ D i 8 ) L
P, MUY PR BRI sz NI, &
FLBVE AL A pH R EEANEVEHEAL 2 45 R 3R
TYIRICS 3T, SR, WYV g AR T S
W VA AR H B S SR T AR LA B2 AH 55 200N
PAFiiR . Horr, WSO AL S B T IR IR A D 2 T A -
UUTEAAR Z0F AR 4035 e vf A0 2 1R 520« T I FEE A pH
VAR Ao P P B I ALRED Fs2mE, 23l TR
e A (Arrhenius) J7 R AR A& (1) 77 2N 58
SR, —BERIB IR

v=ky Ay e a []ag) f(AG) . (1)
A v TSR (mol/(m*+s)E% mol/(gs))s ko
NE R Amin NV VIR E N0 P05 #
PIRMIEICRE ;s R NG SR HE R T NI
an NV HYEME, nuh HOG RIS 4, 1250
Wl H OH TR s a; Joi H HoAth T 5e i AL sl
VAR R B 1 g(DIUNES THRE; f(AG))
IR S BCP AT (AG =0 1F; 0< f(AG) < D).

AYAERNF LB WY, e A RERE 3R
W R R A B e, RN N

$i0, (,t2H,0 = HSi0, - (2)

Rimstidt!" WA 7 A4 23~430°C . ¥ pHr
N 1.1~12.3, Na" ¥ 0~0.52 mol/L i {117 fiftis 25 .

74800 71600

V= 0646 x 107{2.303RT] + 1 1200 x 107[2.303RT) . a0.44l . n(),3260

3)
K v VAT I ARIER (mol/(m?-s)); 74800 A
g K TP A SRS RE . 71600 2y NaOH 47K o A 951

HALEE (J/moD).

Choi ZFPMNINAAS R 7 A5 WAEAFNREZ . pH
FIREJ1 264 N AR (B 100, 45K
FRER A ECS pH . IRE RN ) B 26 X R, pH
BRI e ok bR, U 5 R 7 188 AR 3 A D e

Bz A S WA AR SRS e 2 1 1
R EAREERR 25 VS A R A R D), BRI, 2
ARFERR SR V) Vs e 2 2 LR T T-O-T = H M
TR, WA B R E R A SR R
e, B R -AE. BB Wi)s
& J8 TR AR IR $h H A % B ML S RIIEI S, A
WA 3B OFRMAANMER T 5EEMRE T
s @BERR #h DU T A A AR i Bs R i s O 2 4P
(7= 0 5 A 5 SRS B 24 7B AR A 1%
WARBLEL, S WA PV i S R ] R s

M, (Al,_, Mg )[(Si,,Al )0, J(OH), +aH,0=

xM" +yMg(OH), (., +(2~y +2) Al(OH), N

a

(4-2)H,Si0O, (aq) ° 4)
8
10k 1gv=25pH-1257
12} = ChoiZB(T=35%C, 6=200 MPa)
® Wollast?%:
14F A Brady% I S S
. 16f o =
o
S 18 1 1 1 1 1 1 1
g 6 7 8 9 10 11 12 13 14
= pH
g 32]
£ 10[*ChoiZEPH(pH=11.7, 6=7.32 MPa)
% 107 beChoi %I (pH=11.7, 0=2527 MPa
K Igv=3.38 x 107127
g 1.08 x 10-11
- —-1277_, -11
% 101k : lgr=1.62 x 10°7-4.87 x 10 .
30 40 50 60 70 80
BEEIC
5x 10711F
UE > ChoiZB(pH=11.7, 7=35%C)
[1gv=1.62 x 107127-4.87 x 10;ll
8 x 10—12 1 Il L
5 10 15 20 25
N F7/MPa

10 pH. iBEFIRL %A 0 AR R IS M C7)
Fig. 10 Effects of pH, temperature and stress on dissolution rate of
quartz minerals
X B AT L [ AT IAE AN A pH R R g
(KD AR, [R] P R s AR I
Rozalen ZFUWFST 1 pH ARG 2T 52 I A Vs Al 12 1Y) 52
Wiy, 53T SBA RS 1T

221.86 37.67

V000246 7 J'ag?A+2.5x10’Bei[RTJ ro7e R g

(5)
A v NIEME R (mol/(g-s)); 221.86, 37.67, 309.76
SrRINERYE . PRI R 13 Ak RE (kJ/mol)
UEAh,  SRER ARG S RS2 A v (K
12); RSB, S M EaR




1094 = + I B % 2025 4F
| -E.,ﬁleﬁgl(;%#g) RS I NS DY AR ST SR R AE BN (]
ol Amwson%mg@ma) 2). WiER 34, #L |, Mg, Fe*', Fe¥ %5 /N & 1T

. v Metz 2l 115%3%6 )

g e o AmramESERBA)
s -10} og 4 Huerlas%"j:[‘u](%ﬂyﬁﬁ)
E -
E’ g«
i oy .
# -11 3 .
b ta )
-3 ., N
¥ _1n N St
s L. e

-13

12 14

oo
=1
(=}

o 2 4 6
pH
11 SEARE R AR pH ALl 24
Fig. 11 Variation of dissolution rate of smectite isomorphous
minerals with pH

-8.5r

» 7=25C
* 7=50C

=
o
n

-11.01

B 1gv/(mol/(g-s) ")

-11.5¢

-12.0

T2 4 6 8 10 12
pH
12 R AARHEZERE pH BYZE (L

Fig. 12 Variation of dissolution rate of smectite with pH

JRE AT RIF FERT AR L b 32 B0 WIS e 2R (1 5
e Rl 3 A B A THA R, (HIX e 2s 2 B TR AN
ATV AR TR T AR R, B S TR
fRIE S BETHAR, WG T VAR A B AR VA A R ) R
Wiy K AR ) AR ORI o b o BEAL, AR S A
RINBENFEE R R HERN R, FAEBRKIEN
PRAE . —J71H, 840 SO B3 T AR A £ 3 RS A
B, 707, EIRE LR R BRAR R R 2 1% ZIR A
JE AR L 2 b B ML G R AT TR A A 4
BARTIE,  H AR i s SE R LA AR 1 5%
PN VvE iR R R AR A B, DU B T
BT VDSORGB IR D, A5 i s A
TR R AR R T T A
3.2 HETENSH

JZ 8 = A AN [RT R4 FR A AR B A R AN IAH [
S AR VIR . Hd, SR SRR
VIBEA IR ARAS, A B G ARAR s T Wi e S 4R
W AUR A B S AHAR o B2 A R AR AR E R FR 2 ¢ 1
B EIR SRR B, BITE B K
A R AL 22 R S (R A AT BH B it
IKEEMER, JEH R AR Vs G BRIIA L . 52
A AR [ A B S N 5 8 BAR A O, ALV
IKE B TR R T m A g 5K, BLE /AN EAR

T I A K RN B\ AR 7 — )\ T 2 5 o S B
g 1 KBRS A, KA AT
S A 2 A RAE BT PR A Tk AR DY T AR 7S TR ) o
Ly, G5B AL EON 12 1 K — O e A7 22 T A4 S0 5 5
{H Ca®" il Na 3@ 2R il £ (>300°C) A4 Ay LA & .«
A AR G| Bt M R A AR AL, RIS R U R
BE TR AN Z R K SR B, S M AH AR i el
YIRS AINEE 4 Fost™l ar L, 52 A A AR AR 5 AL
B - B AR E B VIR G . 72 8 BRF0
i, Mg R AZEA %S AL & A [R] 2
24 AL 578 44 Mg AR, S2J50 A A T A4
WOl 75 & FIEA ST, KRN & 2= ) HLDY T A ) Si(IV)
296 1/6 # A BB, Fhif e R
WA, A DY AR R SI(IV)Z0A 1/4 # AIID &
AR, SRM A ER K FR 52 $88 R N M6 ) T A AR D B = B
U fEE B, VAR APY, Mg* RREE
B FeX B AR, KA 3 ik N0 0] T AH A2 it A
19500, [RIFLIA VR B R 2%, S A AR At
LA AR I, JE TG PP IR =8 i i 2
FPREN ).
=3 ENBFEKBRPHERH
Table 3 Diameters of common ions in aqueous solution

RSt De (A) Ds (A) Du (A)
H* — (0.56) (4.56)
Na* 1.90 3.68 7.16
K* 2.66 2.50 6.62
NHs* 2.96 2.50 6.62
Mg 1.30 6.94 8.56
Ca?* 1.98 6.20 8.24
Fe?* 1.50 6.88 8.56
Fe¥* 1.20 8.12 9.14
Al 1.00 8.78 9.50
OH 3.52 (0.92) (6.00)
cr 3.62 2.42 6.64
NO* 5.28 2.58 6.70
COs* 5.32 5.32 7.88
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